Lines of evidence suggest that hypothalamic neuropeptides have a physiological role in the regulation of food intake in mammals. However, little is known about the age-dependent change of hypothalamic neuropeptides in chicks. In this study, we investigated the age-dependent changes in hypothalamic mRNA levels of neuropeptide Y (NPY, an orexigenic neuropeptide), proopiomelanocortin (POMC, the precursor of anorexigenic neuropeptides), and corticotropin-releasing factor (CRF, a possible mediator in the POMC-induced anorexigenic pathway) in growing broiler chicks. The weights of body and abdominal adipose tissue of chicks were measured at 7, 14, 21, and 28 days of age, and the hypothalamic mRNA levels of NPY, POMC, and CRF were analyzed by real-time PCR. Hypothalamic NPY mRNA levels at 14 and 28 days of age were significantly (P＜0.05) lower than that at 7 days of age. Hypothalamic POMC mRNA level at 28 days of age was significantly lower than that at 7 days of age. Hypothalamic CRF mRNA level was not affected throughout the experimental period. Abdominal adipose tissue weight was significantly increased after 14 days of age in chicks. Our findings demonstrated that the expressions of NPY and POMC are dependent on age in boiler chicken hypothalamus.
Introduction
Broiler chickens, which are bred for rapid growth and high meat yield, do not adequately control voluntary feed intake to meet their energy requirements (Richards and ProszkowiecWeglarz, 2007) . Consequently, overconsumption of feed in broiler chickens can lead to excessive accumulation of visceral fat, which is regarded as an animal by-product or as waste. Thus, the regulatory mechanisms underlying food intake in poultry have been a focus of research in recent decades to improve production efficiency when raising chickens (Kuenzel 1994; Richards and ProszkowiecWeglarz 2007) .
The central regulatory mechanisms of food intake are known to be closely related to energy metabolism (Schwartz et al., 2000; Morton et al., 2006) . For example, insulin and leptin are sensed by neurons in the hypothalamic arcuate nucleus (ARC); they act as important peripheral hormones in energy metabolism, and such hormones influence the regulation of food intake (Schwartz et al., 2000; Morton et al., 2006) . The ARC contains two functionally different neurons: (a) neurons that suppress food intake by releasing alpha-melanocyte stimulating hormone (α-MSH); and (b) neurons that stimulate food intake by releasing neuropeptide Y (NPY). The mRNA level of NPY in the hypothalamus is reduced by peripheral anorexigenic hormone insulin (Schwartz et al., 1992) and leptin (Stephen et al., 1995) . In contrast, the mRNA level of proopiomelanocortin (POMC, the precursor of α-MSH) in the hypothalamus is increased by insulin (Benoit et al., 2002) and leptin (Mizuno et al., 1998) . These findings suggest that NPY and POMC play a critical role in the central regulation of food intake in mammals.
Growing evidence indicates that food intake in chickens is regulated in a manner similar to that in mammals in many respects. For example, central administration of NPY significantly increases food intake in mammals (Edwards et al., 1999) and chicks (Saneyasu et al., 2011) . The mRNA level of NPY in the hypothalamus was increased by fasting in mammals (Bertile et al., 2003) and chicks (Kameda et al., 2001) . Central administration of α-MSH significantly reduces food intake in mammals (Tung et al., 2006) and chicks (Honda et al., 2012) . The mRNA level of POMC in the hypothalamus was reduced by fasting in mammals (Mizuno et al., 1998) and by restriction feeding in chicks (Hen et al., 2006) . Double-staining immunohistochemistry in the infundibular nucleus revealed the presence of insulin receptors in both α-MSH and NPY neurons (Shiraishi et al., 2011) . These findings suggest that NPY and POMC play an important role in the central regulation of food intake in both mammals and chicks.
In the mammalian hypothalamus, POMC-producing neurons project from ARC to the paraventricular nucleus (PVN) in the hypothalamus, and PVN contains corticotropin releasing factor (CRF)-producing neurons (Schwartz et al., 2000) . Thus, anorexigenic signals from POMC-producing neurons in the ARC are transduced to CRF neurons in the PVN. Immunohistochemical studies have shown that hypothalamic POMC-or CRF-producing neurons in chickens localize in the same nuclei as those in mammals (Gerets et al., 2000; Richard et al., 2004) . The CRF receptor antagonist astressin significantly reversed the anorexigenic action of α-MSH in chicks (Tachibana et al., 2007) . These observations suggest that CRF is a downstream mediator of the POMC-induced anorexigenic pathway in chicks as well as in mammals. In addition, CRF acts as a downstream mediator of not only α-MSH but also a number of anorexigenic peptides in chicken brain (Maede and Denbow, 2003; Tachibana et al., 2004 Tachibana et al., , 2006 Kamisoyama et al., 2009; Tachibana et al., 2010 Tachibana et al., , 2012 . These findings suggest that CRF plays a pivotal role in the appetite suppressive pathway in chicken brain.
Thus, recent evidence suggests that hypothalamic neuropeptides NPY, POMC, and CRF have a physiological role in the regulation of food intake in chicks. In mammals, the age dependent change of these neuropeptides in the postnatal period has been investigated (Emanuel et al., 1989; Keegan et al., 1994; Grove et al., 2001; Delahaye et al., 2008) . For example, hypothalamic mRNA levels of NPY and POMC changed from postnatal day 4 to 30 in rats (Delahaye et al., 2008) . In contrast, there was no significant change in CRF mRNA level from postnatal day 1 to 15 in rats (Emanuel et al., 1989) . However, little is known about the age dependent change of these neuropeptides in chicks, although increased food intake in broiler chicks was observed in early postnatal period (Mahagna and Nir, 1996) .
In this study, we investigated hypothalamic mRNA levels of NPY, POMC, and CRF in growing broiler chicks. The results clearly demonstrated that expressions of NPY and POMC were changed during the growing period in broiler chicken hypothalamus.
Materials and Methods

Animals
Day-old male broiler chicks (chunky: Ishii Co., Ltd. Tokushima, Japan) from a single hatch were purchased from a local hatchery. Chicks were allocated into electrically heated cages maintained at 28±2℃. They were given free access to water and a commercial chick starter diet (Nippon Formula Feed Mfg. Co., Ltd., Kanagawa, Japan, 20% of crude protein, 310 kcal of ME/100 g diet) under an automatically controlled 12-h light: dark cycle (6:00-18:00). This study was approved by the Institutional Animal Care and Use Committee (Permission number: 22-05-10) and carried out according to the Kobe University Animal Experimentation Regulation. Chicks were sacrificed at the midpoint of the light phase (12:00) by decapitation at 7, 14, 21, and 28 days of age. Body weight was measured before sacrifice. The abdominal adipose tissue was excised and weighed. The hypothalamus was dissected from the brain by referring to a stereotaxic atlas (Kuenzel and Masson, 1988) and stored at −80℃ for real-time PCR analysis. The septopallio-mesencephalic tract, third cranial nerves, 1.5 mm from midline, and the dorsal section from the anterior commissure to 1.0 mm ventral to the posterior commissure were used as landmarks of hypothalamus.
Real-time PCR Analysis
Total RNA was extracted from the hypothalamus using Sepazol-RNA I (Nacalai Tesque, Inc., Kyoto, Japan). Firststrand cDNA was synthesized from 5 μg of DNase I (Ambion Inc., Austin, Texas, USA)-treated total RNA using a ReverTra Ace ® qPCR RT Kit (TOYOBO CO. LTD., Osaka, Japan) with random primers. Complementary DNA of NPY (GenBank accession no. NM_205473), POMC (GenBank accession no. NM_001031098), and CRF (GenBank accession no. AJ621492) were amplified with the following primers: NPY sense, 5′ -CTT GTC GCT GCT GAT CTG -3′ ; NPY antisense, 5′ -GCC TCA GAG CCG AGT AGT-3′ ; POMC sense, 5′ -AGA TGG AGA AGG GTT GGA A-3′ ; POMC antisense, 5′ -CGT TGG GGT ACA CCT TGA-3′ ; CRF sense, 5'-CTC CCT GGA CCT GAC TTT-3′ ; CRF antisense, 5′ -CCT CAC TTC CCG ATG ATT-3′ . As an internal standard, chicken 18S ribosomal RNA (GenBank accession no. AF173612) was also amplified, using the following primers: sense, 5′ -AGT CCC TGC CCT TTG TAC ACA-3′ ; antisense, 5′ -CCT CAC TAA ACC ATC CAA TCG-3′ . THUNDERBIRD TM SYBR ® qPCR Mix was purchased from TOYOBO CO. LTD. (Osaka, Japan), and mRNA expression was quantified in duplicate using the Applied Biosystems 7300 Real-Time PCR system according to the supplier's recommendations. After the reactions, the specificity of amplifications in each sample was confirmed by dissociation analysis showing that each sample gave a single melting peak. Relative gene expression was calculated by comparing the number of thermal cycles that were necessary to generate threshold amounts of product (CT). CT was calculated for the target gene and for the chicken 18S ribosomal RNA. For each cDNA sample, the CT for chicken 18S ribosomal RNA was subtracted from the CT for the target gene to give the parameter ΔCT, thus normalizing the initial amount of RNA used. The amount of target gene mRNA was calculated as 2
−ΔΔCT
, where ΔΔCT is the difference between the ΔCT of the two cDNA samples to be compared.
Data Analysis
Hypothalamic mRNA levels of NPY, POMC, and CRF between 7 to 28 days of age were analyzed by analysis of Saneyasu et al.: Age-Dependent Changes in Hypothalamic Neuropeptides variance followed by the Tukey-Kramer test. Relative abdominal adipose tissue weights to body weight between 7 to 28 days of age were also analyzed by analysis of variance followed by the Tukey-Kramer test. Pearson's correlation coefficient analysis and simple regression were used to assess the relations between the mRNA levels of POMC and CRF. All statistics was performed using a commercial software package (StatView version 5, SAS Institute, Cary, North Carolina, USA, 1998).
Results and Discussion
Hypothalamic NPY mRNA levels at 14 and 28 days of age were significantly (P＜0.05) lower than that at 7 days of age (Fig. 1) . We previously showed that hypothalamic NPY mRNA level at 1 days of age was higher than that at 8 days of age in chicks (Saneyasu et al., 2011) . All our findings suggest that the hypothalamic NPY mRNA level was higher during the first week post-hatching in chicks than that after 14 days of age. In rats, Grove et al. (2001) reported that NPY mRNA levels peak in all regions in the hypothalamus on postnatal day 16 and decrease to adult levels by postnatal day 30. Delahaye et al. (2008) reported that hypothalamic NPY mRNA exhibited a low expression level at postnatal day 10, reached a peak level at postnatal day 14, and decreased at postnatal day 17 before reaching similar values to those measured at postnatal day 14, 21, and 30 in rats. It is therefore likely that the age-dependent change of hypothalamic NPY mRNA level is different between rats and chicks.
The weights of body and abdominal adipose tissue and the percentage of abdominal adipose tissue weight were significantly (P＜0.05) increased after 14 days of age (Table 1) . In chickens, the percentages of carcass fat are quite consistent with those from the abdominal adipose tissue weight (Havenstein et al., 2003) , suggesting that increase of abdominal adipose tissue weight indicates body fat accumulation. In mammals, in response to circulating adiposity signal insulin which inform the brain of changes in body fat mass, hypothalamic gene expression of the NPY mRNA is altered (Schwartz et al., 1992) . Tokushima et al. (2003) reported that plasma insulin levels in chicks of 1 to 7 days of age were lower than those in chicks of 10 to 28 days of age. Central administration of insulin significantly decreased NPY mRNA levels in chick brain stem (Shiraishi et al., 2008) . In addition, insulin receptors are co-localized with NPY-containing neurons in the hypothalamus infundibular nucleus (Shiraishi et al., 2011) . These findings and our results raise the hypothesis that hypothalamic NPY level is related with plasma insulin level in chicks. Further study will be needed to clarify this point.
In mammals, an adipokine leptin circulate at levels proportional to body fat content, and inhibits hypothalamic NPY neurons (Schwartz et al., 2000) . However, several phylogenetic, bioinformatic and genomic arguments do not favor the presence of a leptin gene in the chicken genome (Sharp et al., 2008; Pitel et al., 2010) . Recent research demonstrated that several adipokines affect food intake in chicks. For example, central administration of visfatin significantly increased food intake in broiler chicks (Cline et al., 2008) . Yabuuchi et al. (2010) reported that agouti signaling protein, an endogenous melanocortin-4 receptor antagonist, was expressed in chicken adipose tissue. Since melanocortin-4 receptor agonist inhibits hypothalamic NPY expression (Kim et al., 2005) , it is possible that chicken adipose tissue releases agouti signaling protein, which affect hypothalamic NPY mRNA level in chicks.
Hypothalamic POMC mRNA level at 28 days of age was significantly lower than that at 7 days of age (Fig. 1) , indiJournal of Poultry Science, 50 (4) cating that hypothalamic POMC expressions are dependent on age. In rats, hypothalamic POMC mRNA exhibited a low expression level from postnatal day 4-10, reached a peak level at postnatal day 14, and decreased at postnatal day 17 before reaching similar values to those measured at postnatal day 14, 21, and 30 (Delahaye et al., 2008) . It is therefore likely that the age-dependent change of hypothalamic POMC mRNA level is different between rats and chicks.
It is generally accepted that a catabolic circuit exists in which an increase of body fat is associated with increased insulin and leptin, and increased MSH activity; all of these lead in turn to reduced food intake (Woods and D'Alessio, 2008) . In the present study, hypothalamic POMC mRNA level was decreased at 28 days of age, although abdominal adipose tissue weight was increased (Fig. 1) . These findings raise the hypothesis that POMC-induced anorexigenic pathway does not function in response to body fat accumulation, which in turn, results hyperphagia in broiler chicks.
The blood brain barrier separates the central nervous system from the peripheral tissues (Banks, 2012) . In rodents, the blood brain barrier is completely differentiated and functioning in postnatal life (Schulze and Firth, 1992) . However, the brain development is associated with the blood brain barrier being already structurally and functionally developed in embryonic life in birds (Wakai and Hirokawa, 1978; Roncali et al., 1986) . Therefore, the development of blood brain barrier would not be related to the changes of hypothalamic NPY and POMC expression after hatching in broiler chicks.
Hypothalamic CRF mRNA level was not affected throughout the experimental period in chicks (Fig. 1) . Emanuel et al. (1989) reported that there was no significant change in CRF mRNA from postnatal day 1 to 15 in rats. In mouse hypothalamic PVN, CRF expression showed similar values at postnatal day 7 and 14 (Keegan et al., 1994) . It is therefore possible that hypothalamic CRF mRNA level climbs to adult level during the first week in chicks as well as in mammals.
As mentioned in the Introduction section, CRF is suggested to be a downstream mediator of the POMC-induced anorexigenic pathway in chicks. However, we did not find a significant correlation between POMC and CRF mRNA levels (Fig. 2) . A significant positive correlation between POMC and CRF mRNA levels in layer chicks has been observed in our laboratory (unpublished data). Saito et al. (2005) showed the possibility that broiler chicks have a blunted HPA axis compared with layer chicks. It is therefore possible that CRF expression is not related with POMC expression in the hypothalamus of broiler chicks.
Adiposity signals insulin and leptin downregulate NPY and upregulate POMC at transcriptional levels (Morton et al., 2006; Lage et al., 2008) . Central administration of α-MSH significantly upregulates CRF gene expression in rats (Sarkar et al., 2002) . Therefore, in the present study, we have analyzed the mRNA levels of NPY, POMC, and CRF in chicken hypothalamus. However, it is possible that there is no correlation between the actual peptide levels and mRNA levels of NPY, POMC and CRF. Further immunohistochemical study and/or microdialysis study will be needed to address this possibility.
In summary, we investigated the effects of age on hypothalamic mRNA levels of NPY, POMC, and CRF in growing chicks. The mRNA levels of hypothalamic NPY and POMC were changed during the growing period, indicating that hypothalamic NPY and POMC expressions are dependent on age. 
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